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The objective of this contract is t o  prepare a new class of double- 
bridged ladder type polymers fram tetrafunctional phosphonitrilic 
tetramers. 
chloro - 2, 4, 6,  8 - tetraphenyltetraphosphonitrile, 
isolated and structurally identified. 
to the tetrami.de which, by therma’ deammoniation, would be converted to 
a polymer. 

During the first year three isomers of 2, 4, 6, 8 - tetra- 
[bPNC1]4, *re 

The 8-trans isomer was converted 

During the second year of this contract the following accomplishments 
have been made: 

1. By themally polymerizing B-trans-[$PNNHa]4 a soluble polymer 
of 20,000 MW has been obtained. 

2. The above polymer was .found to eliminate benzene above 400’C. 

3. Synthesis of non-geminal tetrachloro tetramethyl tetraphospho- 
nitrile, [CHSPNC~]~, has been accomplished; however, the campound 
is hydrolytically unstable. 
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The ultimate objective of this investigation is to prepare a new 
class of double-bridged, ladder type polymers from cyclic tetrameric 
phosphonitriles. 
stable beyond present day capabilities. This objective can be attained 
only if the substituents are  arranged about the phosphonitrilic ring in 
such a manner that they can be linked together in double bridges. 

Successful ladder polymers are expected to be thermally 

I 

Having found an isomer of [fiPNCl]* wlth a suitable structure for 
polymerizations, the following objectives were set for the second yeax 
of this contract: 

1. Prepare and characterize ladder poPymers from B-trans- 
C B ~ C 1 1 . e .  

2. Synthesize new monomers, namely [CH3PNCl14. I 
3. Prepare m d  characterize ladder polymers from the tetramethyl 

phosphonitrflew. 
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SUMMARY 

Phenyl Phosphonitrilic Polymers 

Polymers were prepared fram p-trans-[pk"K2]4, 

by thermal deanmoniation at 260OC. 
with a molecular weight of 20,000 (DP 40).  
of the polymer has been d i f f icu l t .  
i n  t h i s  polymer have not been successful. However, infrared a u d y s i s  
of the polymer indicates t ha t  there are very f e w  NH2 groups present. 

Soluble polymers could be obtained 

Attempts t o  determine the NH/NH2 r a t i o  
Structural  characterization 

Heating the polymer resu l t s  i n  elimination of benzene a t  about 400°C, 
the resul t ing material is a black charred mass. 

Methylphosphonitriles 

Attempts t o  prepare tetrachloro tetramethyltetraphosphonitrile by 
the following sequence of reactions were not successful. 

Non-geminal tetraamino tetrachloro phosphonitriles could be obtained; 
however, the products resul t ing from their reaction with CH#gBr could not 
be readi ly  isolated. 
d i r ec t  synthesis fram 'IH3PCP4 and ammonium chloride. 

This approach vas sbmdoz-ed i n  favor of the more 

xCR3PC14 - + X I Q R 4 C l W  [C&PNClJX + 4xHC1 

The reaction does give poor yields of trimer and tetramer. However, 
because of hydro ly t ic* ins tab i l i ty  separation of tetramer from the trimer 
i s  exceedingly d i f f icu l t .  

Ammonolysis of [C&PNC1]3,4 results i n  a completely ammoniated 
product tha t  is extremely hygroscopic. 
dimethylamide i s  l e s s  susceptible t o  hydrolysis. 
of the  tetrachloro tetrametiiyl t e t r z e r  VPC exnmined. 

On the other hand the te t rak is -  
The oxidative s t a b i l i t y  
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Thermal treatment of‘ @-traa~-[~PNNFi~]~ produces a soluble polymer having 
a degree of polymerization of about 40. 
accurately determine the e x t e i t  of double-bridging i n  the polymer. The f a c t  
t h a t  t h i s  polymer i s  extremely s o h b i e  i n  eb1nrofom precludes the poss ib i l i t y  
t h a t  it is  highly crosslinked, however it d . 3 ~  not eliminate the poss ib i l i t y  
of some side branching. 

So far it has not been possible t o  

P ~ l p e r a  derivzd fram phenyl phosphonitriles e l i a ina t a  benzene a t  about 
400°C. It 
is believed, however, t h a t , i n l t i a l  benzene elimiaation results i n  the fonaation 
of phenylene bridges and t h a t  fur ther  benzene eliminatias. i s  acempanied by 
complete degradation of the  polymer. 

The mechanism f o r  t h i s  eliminatiom i s  not now w e l l  understood. 

Te trachlorote tram thylte traphosphomitrile , ( CGPNC 1) , can be synthesized 
frm CH3pC14 and ammonium chloride, however f i R a l  y ie lds  of cycl ic  tetramer 
have been very poor. 
i n s t a b i l i t y  of [C&PNCl])r_. 
achieved by the simple c rys ta l l iza t ion  techniques uercd t o  separate ismers of 
C dm1I 4- 

We believe that t h i s  is  dunp i n  par t ,  t o  hydrolytic 
Separation of tetrameric i s m e r s  could not be 

Tetrakis amides prepared from [Cl&PNCl]3,4 were found t o  be hydrolyt ical ly  
unstable. Because of the hvdrolytic i n s t a b i l i t y  of both the  chloro and amide 
canpounds we believe that working wtth large amounts of these materials would 
be exceedingly d i f f i cu l t .  

1. Since the  B-t.Pnn,s isomer of [$dPNCll4 can be prepared i n  good yield, various 
methods w i l l  be used-to prepare higher molecular weight ladder polymers from it. 
Ehphasis w i l l  then be placed on characterizing %he resu l tan t  polymers. 

2. Suff ic ient  methyl phosphonitriliic amide w i l l  be prepared f o r  polymerization 
and t h e m a l  s t a b i l i t y  evaluation. 
i s  exceptional, methods w i l l  then be sought t o  improve the yield of [C&PNCl]r. 

If thermal s t a b i l i t y  of resu l t ing  polymers 

3. 
tbaa phenyl or methyl. 

Prepare tetrameric phosphonitriles of the type [RPNC1I4 with R groups other 
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I. Introduction 

Synthesis of polymers with cyclic phosphonitrilic backbones has recieved 
considerable attention. 
[PNCl& and [PNC12]4, having six and eight functional groups respectively 
(1) (2) ( 3 ) .  

Phosphonitriles used to prepare these polymers were 

These polymers axe usually highly crosslinked insoluble materials. 

Functionality about the trimer or tetramer ring can be reduced by using 
compounds of the type R$3N&,y or R~P~N~XB,~, where R is an alkyl, aryl, alkoxy 
or aryloxy group. l 

Monomers of this type can be prepared by the following types of reactions: 

(1) -14 + x " 4 C l  j .  [RPNCl], + 4 x H C 1  

(2) xRPCl4 + xNR3 + [RP"H2], + 4xNH4C1 I 

Reaction of $ P C l 4  with NH4Cl  produces trif'unctional and tetrafunctional phenyl 
phosphonitriles. 

Four tetrameric products are possible. From their configurations, as illustrated 
below, it is readily seen that three of the ismers can be used to prepare double 

N N =  

P-N=P 

d 
cis - 

61 

6-trans v-trans 

bridged polymers. 
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Monamers having the Cis, 8-tra.m or y-trans configuration would be capable 
of forming ladder polymers of the following type: 

c i s  - 

8-trans 

y-trans GX X- 
-----I 

\ 

e x -  
-.x - 
" ex- 

Polymers having the above l i nea r  s t ructures  should exhibit excellent 
thermal properties and a l s o  have good so lub i l i t y  charac te r i s t ics  i n  organic 
solvents. 
tetramers which, i n  turn, would be polymerized t o  form the dedired double- 
bridged ladder polymers. 

Thus, the ultimate objective i s  t o  prepare derivatives from these 

During the first year of t h i s  invest igat ion reaction (3)  was optimized t o  
give good yields of tetramer. 
the most abundant. 

O f  the tetrameric products, the p-trans isomer was 

This report s m a r i z e s  i n  d e t a i l  our e f fo r t s  t o  prepare ladder polymers 
fran @-trans-[fhI'?Cl)+ and a l so  the progress made i n  synthesizing other tetra- 
functional monomers. 

- 2 -  



11. Results and Discussion 

A. Phenyl Phosphonitriles. 

1. Preparation of y-tran~-[dPNCl]~, 

Of the  four possible tetrameric fsmers of [$PNC1]4, three had 
beea isolated as products from the  reaction of dPcl4 with M I 4 C l  (4 ) ( 5 )  (6). - C i s ,  @-trans a d  @-trans tetramers were i so la ted  and ident i f ied s t ructural ly ,  

c i s  - a- t rans e-trans y-trans 

The four th  iscaaer, y-tran~-[fiPNCl]~, has never been isolated. 

The reaction of hydrogen chloride with tetrakisdimethylamino 
tetramers, i n  g l ac i a l  ace t ic  acid, was used t o  regenerate the te t rachloro 
compound. 

(1) 8 H C 1  + [pIPNN(CH3)2]4 -f CpIPNC114 i- 4 ( C H ~ ) 2 N H o H C 1  

S ta r t ing  with a s ingle  isomer of the tetrakisamide we were able t o  recover a 
mixture of the three known te t rachloro isomers, however the fourth isomer of 
[(hNCl]4 could not be obtained by t h i s  reaction. 

We attempted t o  prepare a mcnosubstituted dimethylaide frm 
a-tran~-[$PNCl]~, which, i n  turn, would be t rea ted  with anhydrous HC1. 
monosubstituted products are possible. 

Three 

A 

opt ica l  isomers 
where x = N(CH3)2 

It i s  readi ly  seen tha t  removal of the  dimethylamido group from 
(b) ,  accompanied by i smer iza t ion ,  would r e su l t  i n  the  formation of the y-trans 
iscaaer. 

According t o  our previous work with [$PNC1]4, m.p. 260-3', we 
hard assumed it t o  be a mixutre of a-ti-as xr? p-txnns isomers. On th i s  basis 
It was used t o  prepare a monosubstituted derivative. prd-wt. readily 
i s o l a t e d  fram the reaction of [$pNC1I4, m.p. 260-3', with one molar equivalent 

T%e 



of dimethylamine wa6 a4F&"C&)&13,  m. p. 103-7". 
a derivative of the B-trans isomer. This w a s  established by react ing the 
derivative with an excess of dimethylamine. 
hydrochloride, recovered frat this reaction, indicated tha t  the s t a r t i n g  
mater ia l  was monosubstituted. 

This compound proved t o  be 

Three molar equivalents of m i n e  

The completely dimethylaminated material was 
c rys ta l l ized  t o  melt at l75-8", which i s  the melting point of p-trans- 
CdP" (C& 1214. 

Subsequently it was found tha t  the s t a r t i n g  material, melting 
at  260-3e9 i s  not a mixutre of a - t rans  and g-trans isomers, but rather,  it i6 
pure p-trans isomer ( 7 ) .  

ShCe not enough a- t r t~s- [ jdPNCl]~  was  available t o  carry out 
No further e f for t  hers the proposed reactions, t h i s  approach was abandoned. 

been made t o  obtain y-trans-CjdPNC114. 

2. me Structure of C $ P N C ~ L ,  m.p. 260-263'. 

Our belief tha t  [J6pNc1]4, mop. 260-3', was a mixture of two isomers 
W 8 8  
monanetkylamirie or ammonia, resulted i n  the formation of two d i f f e ren t  isclaeric 
derivatives. 
out i n  benzene or  chloroform. 

Smalley e t  al. 

based on the fact that t h i s  material, when reacted with dbnethylamfne, 

These r e su l t s  were always obtained when the  reaction was carr ied 

i7 reported the formatiar of only a s ingle  
derivative when this reaction is  carr ied out in tetrahydrofuran. 
carr ied out the dno lyea i s  i m  TE€F and have corroborated the r e su l t s  of Smalley 
e t  al. 

We have 

Keat and Shaw '8) reported that phsophonitri l ic amides isamerize 
when refluxed with the amine hydrochloride i n  chloroforn. 
e f f ec t  811 isoeaerizatiom by refluxing @-trers-[jdPNN(CH3)2]4 with dimethylauine 
hydrochloride i n  refluxing benzene and TRF. 
t i m  noted. 

We have t r ied t o  

I n  ne i ther  case was any iscmaeriza- 

A t  present we cannot explain the anomalous behavior of fi=trms- 
[jdPNCl]+, i. e., aminolysis i n  benzene r e s u l t s  i n  the formation of two products 
whereas aminolysis i n  TRF results i n  oaly one product. 
fur ther  complicated by the f a c t  t h a t  aminolysis of a- t rans  and - cia-[$dPNC1]4 give 
single products. 

This s i tua t ion  is 

3. Deammoniation of f3-trtm,ns-r(ikN"pl~ 

When ~-tran~-[$dPNNH~]~ is  heatsd above 240°C ammonia is eliminated 
and a polymer is formed. 

- 4 -  
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The deammoniation reaction has been carried out several  t h e s  
i n  a m e l t  and i n  solution. Number average 
molecular geights were obtained by vapor pressure osmmetry i n  chloroform, 
The determined molecular weight was found t o  be a function of concentration. 
For example, Pour KFO determinations f o r  a single polymer sample gave the  
following result. 

Data are summarized i n  Table I. 

g. /lo 

10.0 
15. o 
19- 95 
29.95 

By p lo t t ing  '/MW VS. g./L and extrapolating t o  i n f i n i t e  dilution, a v d u e  
of 11,700 was obtained fo r  the molecular weight. 

It i s  noteworthy t h a t  in one iastance a polymer f rac t ion  qui te  
soluble i l p  chloroform was recovered with a number average molecular weight of 
20,000. It 
might be inferred tha t ,  because of the polymers great  so lub i l i t y  i n  chloroform, 
there  i s  a min- of crosslinking and that the polymer is, t o  a great  extent, 
l inear ,  

This represents an average degree of polyaerization of 4 0  units. 

The polymerization, when carried out i n  solution, did not give 

me polymer began t o  
This 

higher moolecvlar weight polymers. 
B.P. 291,kad a molecular weight of approximately 4,400. 
prec ip i ta te  frm solution during the course of the ammonia elimination. 
is  probably why the degree of polymerization is  rather low. 

Polymers prepared i n  d i (  n-octyl) ether, 

A similar problem ar ises  when polymerization is  carr ied out in 
the  melt. 
progresses the m e l t  becmes more viscous uti1 f i n a l l y  it sets up as a foamed 
solid. 
out the course of the reaction. 

I n i t i a l l y  the m e l t  i s  quite f luid,  however as amonia evolution 

Ideal13 a solvent should be used i n  which the polymer fs soluble through- 

Thernal deamination of @-tr8~~s-[~PNNHCq3]4 was carried out at 
280-290°C. Methylamine w a s  e l h i n a t e d  during the  heating, The glassy so l id  
r e su l t i ng  frm this polymerization was ccrmpletely soluble i n  chloroform. 
molecular weight detenained by VPO i n  CHC13 was 1,800. 

The 

4. Polymer Characterization 

We have attempted t o  characterize the p o l p e r  by determining the  
r a t i o  of -NE t o  -NE2 groups. 
very f e w  NH2 groups, whereas s ingle  bridged or a highly crosslinked polymer 
would have a large number of NH2 groups. The infrared spectra  frm 1600 t o  
1000 cm. '1 f o r  polymers with molecular weights ranging from 11,700 t o  2,400 are 
reproduced i n  Figure 1 . 
rno1ecula;r weight polymers and i n  the  spectrum of p-trans-lgh?(NH~)]4 is  due t o  NH2 
absorption. 
weight, thus implying t h a t  the polymer has a s m a l l  number of NH2 groups. 

A cmpletely double bridged polymer would have 

The shoulder appearing at 1560 m.'1 f o r  lower 

This absorption is  very s m a l l  f o r  the polymer of 11,700 molecular 
This 

- 5 -  
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would be expected f o r  a polymer which i s  double bridged t o  a large degree. 

An accurate method was sought f o r  determining the r a t i o  of NH t o  
NR2 i n  the polymer. 
polymer with aldehydes were tried. 

Non-aqueous t i t r a t ions ,  NMR spectra and reactions of the 

Samples of the polymer, as w e l l  as several phosphonitrilic ccan- 
pounds, were titrated with perchloric acid f o r  basic nitrogen. 
carried out i n  g l ac i a l  acet ic  acid wi th  c rys t a l  v io le t  as the indicator. 
acid i s  a leveling solvent i n  which compounds contaiaing basic nitrogen functional 
groups are readily titrated. For example, pyridine, which is too weak a base 
t o  titrate i n  water is  eas i ly  t i t r a t e d  i n  glacial acet ic  acid. 
t i t r a t i o n s  are given i n  Table 11. 

Titrat ions were 
Acetic 

Results of these 

No ti r t ion  of [PNC1a]4 with perchloric acid was observed; 
however, Bode e t  al. t7  9 have reported the precipitation of Pfi4C18e2HC10* frm a 
g lac i a l  ace t ic  acid solution of P,$14Cle and approximately 60 percent perchloric 
acid. 
were not the basic sites. Hmver ,  i n  11 t of resu l t s  of Bo e e t  al. and, 
more receatly,those of Moeller and Kokalis "80) and Shaw e t  al. 84 there is 
substant ia l  evidence tha t  a t  l e a s t  one r ing nitrogen is t i t ra t  d by the acid. 
Thus, the result obtained f o r  the t i t r a t i o n  of (&P3N3)2NR whereia two equiva- 
l en t s  of acid per equivalent of dimer were used, can PLOW be at t r ibuted t o  the 
a b i l i t y  of each PN ring t o  take up one equivalent of perchloric acid. 
more, it is  m o w  concluded that, although these polymers cau be titrated with 
perchloric acid, oae cannot determine the NH t o  NH2 r a t i o  from the results, 
consequently t h i s  analyt ical  approach w a s  abandoned. 

Based on our r e su l t s  with [PNC12]4 it was assumed that the riRg nitrogens 

Further- 

The protols nuclear magnetic resonarice specturm was  obtained f o r  
a deaminated polymer fract ion of 9,500 molecular w e i g h t .  
a broad absorption a t  T - 5.5 and a strong aromatic proton absorption a t  
7 - 2.2. 
disappeared when D20 was added t o  the sample tube. 
t o  either NR o r  "Ha. 

The spectrum showed 

!The area r a t i o  was approximately 1: 20. The absorption at T - 5.5 
Thus the absorption i s  due 

Treatment of canpounds or polymers, whieh have active hydrogen, 
with t r ichloroacetyl  isocyanate, C13CC( O)NCO, produces a be t t e r  n. m. r. spectrum 
fo r  quant i ta t ive determination of the act ive hydrogen. Reaction of C l & C (  0)NCO 
with amino groups would give the following: 

R -NH2 +ZCl.$C(O)NCO + R - N [ C ( O ) N K C ( O ) C C ~ ] ,  

- 7 -  



T P 3 U  2:: 

Ti t ra t ion  of PN Compounds i n  Glacial Acetic Acid 

Compound MoPe~Gar  Experfmenttd Etisicity Theor. Basicity fo r  
or  Sample Weight i n  Acetic Acid meq./g, W Exo t o  the PN Rinq 

None None ( m l 2 ) 4  463.55 

k-trams-(jhF"T'Ne~)4 - 664.66 (3.04 
2.02 

(3.56 
3.55 

536.46 1.03 L. 85 

Polymer Sample 
3716-14-1 9500* 1.75 

Ir. 78 

Polymer Sample 

E: 2 3716-28 P I E  7400 

Polymer Sample 
3716-28 P ~ U  2470 t:: 3 
Wolecular weight determined by VFO i n  chloroform. 
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6.02 

7.25 

7.24 

1.86 

Unknown 

unknown 

Unknown 



Prior  t o  reaction with the polymer, $!&,PsN3NI12 and (g5P3N3)$GI were t reated with 
Cl3CC(O)NCO. Reaction of &P3N3"2 with Cl3CC(O)NCO resu l t s  i n  the formatioa 
of the disubsti tuted compound @5P3N3N[C(0)NHC(O)CC13]2e !The proton n.m, r. peak 
due t o  -NH- betweem carboBayl groups T = -0.71 (Figure 2 ), whereas the anide 
protons of 85P3N3NH have an nrm.r. absorption a t  T = 7 * 1  (Figure 3 ). Additioa 
of Cl&C(O)NCO t o  ($5P3N3)$H results in the disappearwce of the a.m. r. peak 
a t  T = 8.2 due t o  NH, however 10 peak is observed downfield. 

The deaasraoniated polymer (MW 9500) was t reated with triclaloro- 
acetyl isocyanate. 
absorption peak a t  T = -1.5. 
calculated from the r a t i o  of the area of the peak at  T = -1.5 and tha t  of 
arcmatic protons a t  T = 2, w a s  1:14. 
the  treatment of &P3N3NR2 with Cl&C(O)NCO one c a ~  calculate t ha t  this polymer 
(DP of 19) has 13 or 14  NH2 groups. 
would h w e  a substant ia l  number of double bridges. 

The amide proton between two carbonyl groups had an n.m.r. 
The r a t i o  of amide protons t o  phenyl protons, 

Based on the ~~11l.r. results obtained for 

Any structure  drawing fo r  t h i s  polymer 

The n.m. r. s p e c t m  of a polymer of 20,000 molecular w e i g h t  had 
a broad peak a t  about T = 5, however it was not large enough t o  permit etg area 
determination with any accuracy. 
not produce any noticeable change i n  the n.ro r. specturm. 

Treatment of the  polymer with C13CC(O)NCO did 

Based on the above results, it is  concluded tha t  the use of 11i.n.r. 
spectroscopy i s  of limited value for  determining the r a t i o  of NH or NE2 t o  6 
groups i n  the polylaer, and is  of 10 value f o r  higher aolecular might polymers, 
wheria the  r a t i o  of NR2 t o  6 would be very low. 

I n  aa e f fo r t  t o  f i n d  reagents which react  preferent ia l ly  with mR2 
groups rather  than with NH groups ~- t rans- [$PN"~]+ was t reated with benzaldehyde 
and salicaldehyde. Ila neither case was there any evidence fo r  a reaction leading 
t o  a unique product. 

5. Benzene Elimination 

A chloroform insoluble polymer which was prepared by heating 
B - t r r n ~ - [ # P " H ~ ] ~  t o  eliminate $6 of the  available "3, was heated t o  395°C 
i n  helium and kept at tha t  temperature f o r  12 hours. During t h i s  time a gas 
was  eliminated. The gas w a s  collected on a vacuum system shown i n  Figure 4 . 
By infrared spectroscopy the  gas w a s  determined t o  be a mixture of benzene and 
annnonier. Quantitative estimation of each comstitutent was made by detemiaing 
the  t o t a l  pressure i n  a bown volume ( t o t a l  number of moles), then weighiag 
the  gas, By using the following equations the amounts of NH3 and benzene were 
determined. 

Total w t .  of gas = MW&.X + MW&total moles -X) 

X = moles "3 

Y = moles benzene 
X+Y = t o t a l  Boles 

Results are graphically i l l u s t r a t ed  in Figure 5 fo r  thermally t rea t ing  the 
polymer a t  395' and also at 475'C. The residue, after heating at 475 ror 
1 2  lours, contained 14,Og perceat carbon and 3.01 percent hydrogen. 
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A TGA was obtained for  th i s  polymer and is  shown i n  Figure 6 .  
The 10 percent loss  i n  weight between 0' and 350°C is due 
of m o a i a  and chloroform that was occluded i n  the polymer. 
f o r  gas samples recovered during %he isothermal study described i n  the previous 
paragraph. 
eliaimerted above 400°C. 
"QrbAual" weight loss from 400 t o  800°C. 
obtained f o r  a s i m i l a r  polymer derived froa - trans-[&"& as i l l u s t r a t ed  i n  
Figure 7 . 

t o  the evolution 
This was observed 

Also9 as noted i n  the previous paragrapla, benzene and ld& we 
The s t r ik ing  feature of t h i s  thennogram is the 

This &at be compared t o  the TGA 

The heatiag ra t e  was 3"/13111. fo r  both samples. 

It would appear that because of the benzerae eliminated froPa 
polymers derived from phenyl phosphonitriles, the upper l i m i t  of the& 
s t a b i l i t y  i s  i n  the range of 350 t o  400'C. 

- 10 * 
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11. Results and Discussion 

B. Methyl Phosphonitriles 

1. Preparation of Methyl Phosphonitrilic Compounds -I4 
(a) Reactioa of (PmClp)4 with MeMgBr 

Before attempting t o  p e e [CH3PNC1]4 by the method that  
T e s i  and Slo ta  used t o  prepare [CH$NCl]s,  fsywe attempted t o  react  [PNC12]4 
d i r ec t ly  with methyl magnesium bromide. 
anhydrous diethyl  ether under a helium atmosphere. 
of tetramer and Grignard Reagent f o r  s i x  hours the mixture was poured Over i c e  
and extracted with benzene. From the benzene solution only unreacted t e t r m e r  
was  recovered. 

The reaction was carried out i n  
After refluxing the mixture 

The reaction was carried out again. However, chlorobenzene 
w a s  added t o  the mixture after s i x  hours. 
t i on  of the residue with benzene gave only unreacted [F"C12]4. 

Evaporation of the solvent and extrac- 

When the reaction with tetramer was conducted i n  tetrahydro- 
furan we observed an exothermic reaction a t  roam temperature and the product 
appeared t o  contain PN cyclics and P-C& bonalj (see Figure 8 ). 
t ions  at 1300 cm. '1 and 750 m.-1 are charac te r i s t ic  of P-C& boads. 
encountered d i f f i c u l i t e s  i n  i so l a t ing  compounds from th is  reaction mixture and 
have recently discmered that th i s  mixture contains an appreciable mount of 
magnesim. The i n s t a b i l i t y  of these coaaapounds may be due t o  ccaaplex formation 
with magnesium salts. I n  the work of Tesi and Slota, they t reated the products 
of the Grignard Reaction with a large excess of dimethylamine before any separe 
t ion  w a s  attempted. 
i so l a t ion  of products. 

Infrared absorp- 
We have 

The excess amine may have broken the complex, thus permitting 

(b) Preparation of [MePNC1]4 v i a  ~ N M ~ P P N C ~ ] ~  and MeMgBr 

The three-step route t o  the preparation of tetrachlorotetra- 
methylphosphonitrilic cycl ic  tetrarmer, 

(3)  [MePNNMe2]4 + 4HC1 + [MePNC1]4 + 4HNMez 
i s  analogous t o  the reaction sequence used f o r  cycl ic  trimers by Tesi and Solta. P' 
This three-step synthesis was devised because the  alkylation of phosphonltrilic 
chlorides with Grigplard Reageats is  e i ther  impossible, o r  at  best, very d i f f icu l t .  
By replacing half the chlorines with dimethylamino groups, the r eac t iv i ty  of the  
remaiaing halogens i s  egbsnced enough t o  pennit f a c i l e  reaction with methyl- 
m a g n e s i u m  brmde. 
halogens i n  a simple nucleaphilic displacement reaction. 

Sub8e4Wntly the dimethylmiao groups could be replaced by 

The first s t ep  of the procedure, the replacement of four non- 
geminal chlorines in [ P N C ~ S ] ~  i s  not a simple reaction. 
- b k s  c s  ?~ez f r a  one t o  ei&t and,qwy of i;he;se pr&iizts B G Y ~  beoz nh$e-rpc?d 
while attempting te t rasubst i tut ion,  In  addition, there are t en  
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te t rakisdinethyladno isomers and only three non-geminal ismem are potent ia l  
precursors f o r  ladder-polymers. The three desired products are: 

me2 me2  c 1  
\ I 

c i s  - p-trans y-trans 

The dimethylamination has been carr ied out i n  various solvents, 
benzene, tetrahydrofuran, d e hylether, chlorofonn and even i n  a two phase 

tetrakisdimethylaino-tetramer, but we have laot been able t o  i s o l a t e  this  iscaner 
i n  yields  greater than 15 percent. We have, however, obtained a mixture of non- 
geminally, te t rasubst i tuted cycl ic  t&reraers i n  y ie lds  approaching 50 percent. 
This result d by conducting the reaction i n  tetrahydrofuran a t  0' as 
suggested by Mof was f obta&T e tt . The characterization of the products as tetrakisdi- 
methylaminotetrachlorophosphonitrilic cycl ic  tetramer was Rccomplished by 
elemental analysis infrared spectra  and n. m. r. spectra. 

benzene-water system. Shaw bT reports 59 percent yields  of one non-geminal 

I n  a recent paper Koppman e t  a;L. (l5) obtained the n.m. r. spectra  of 
a number of dbiethylamino derivatives of PN trimers. They shaved that geminal. 
subst i tut ion involves Pal-H coupling of about 13.6 c/s while vacinal subst i tu-  
t i o n  involves p 3 1 - H  coupling of 17.7 c/s. Applying t h i s  realat ionship t o  the 
tetramers one can d i f f e ren t i a t e  between geminal and non-geminal subs t i tu t ion  
f o r  products that have been characterized as cycl ic  tetramers fram elemental 
analysis and infrared spectra. Separation and characterization of spec i f ic  
non-geminal isomers was not attempted. Figures 9 and 10 show the  infrared 
and n.m.r. spectra of a product that had a m.p. of 192-4.. 
it t o  be a tetramer and the nom. r. spectrum indicates  t h a t  it contains two differ- 
e n t  non-geminally subst i tuted products. Similarly4Figures 11 & 12 show I R  
and n.m.r. spectra f o r  a product wlth a m.p. of 156-60: This i s  predomfmantly 
a single  non-geminally subst i tuted ismer. Figures 13 & l4show these spectra  
for  a product tha t  i s  p r e d d n a n t l y  two loon-geminally subst i tuted i smers .  

The I R  spectrum shows 

The second s t ep  of t h i s  react ion sequence, the Methyl Grignard 
coupling w i t h  [ P N C l  NMe2I4 was conducted twice with mixtures of' the  non- 
geminally substi tuted tetramers. 
ccmbined i n  tetrahydrofuran and because no s i p  of magnesium salts was apparent, 
it was presumed no reaction had occurred. Toluene was added t o  the reaction 
mixture, the ethers removed and then a heavy p rec ip i t a t e  and a negative Gilman 
test  indicated the react ion had occurred. 
infrared spectrum (Figure 15) t h a t  indicated the presence of a phosphonitri l ic 
tetramer substi tuted wi th  methyl groups. 

I n  the  first attempt the  reactants  were 

The product t h a t  w a s  i so la ted  had an 

I so l a t ion  of the product, however, 
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was not accomplished. 
i so l a t e  spec i f ic  compounds. 

Appmently the  product was destroyed i n  attempts t o  

The reaction w a s  repeated with the  mixed ismers of [Me$W"PN1]4 
described above. 
giving the  appropriate infrared spectrum was  obtained (see Figure 16 However, 
attempts t o  recrys ta l l ize  the so l id  product resul ted i n  degradation since no 
s ingle  iscaner could be isolated and further work-up caused the melting point of 
t h i s  product mixture t o  decrease unt.01 it had turned t o  a viscous oil. A t t e m p t s  
t o  sublime products from this o i l  resulted in evolution of amine and the remain- 
ing material was a dry powder. 

As before, the coupling -pr;lcee&d smoothly a id  a product 

The th i rd  s tep  was not investigated i n  view of the  lack of success 
i n  obtaining any characterizable product frm the Grignard Reaction. 

Preparation of [MePNC1]4 v i a  [PNBrplq * 

The d i f f i c u l t y  i n  replacing chlorine6 with a lkyl  groups i n  phosphonitrileo 
i s  re la ted  t o  the r e l a t ive  r eac t iv i ty  of the  P-C1 and P-N bonds, 
postulated t h a t  a lkyl  Grignard Reactions with phosphonitriles are unsuccessful 
because the 8 ometd l i c  reagent attacks the r ing  as rapidly as the  phosphorus- 
halogen link T1r With t h i s  idea i n  mind, it seemed prof i tab le  t o  a t tenpt  Grlgnard 
Reactions with phosplnonitrilic bromides. 
n i t r i l i c  cycl ic  tetramer was in i t ia ted .  Three methods were looked at  b r i e f l y  
but before these reactions could be fully evaluated, we solved the problem of 
control l ing the Grignard addition t o  (PNC12)n and the need f o r  (PNBr2)n wa8 
e s sen t i a l ly  eliminated. A brief summary of these e f f o r t s  can be made. The 
attempted exchange of Br f o r  C1 with €733  and PBrs-PBr3 did aot occur. I n  a 
similar attempt, acetylbrmi.de was refluxed with (PNClz)* f o r  four hours but no 
exchange could be detected. 
t o  the production of a gas, probably C1Br. 
accauplished before the  need f o r  such products disappeared. 

It has been 

An attempt t o  prepare octabrmophospko- 

Treating (PNCl2)4 with AUr3 and bromine did lead 
The i so la t ion  of products was not 

A fourth scheme t o  obtain bormophosphonitriles was the attempted 
replacement of half  the  dimethylamines i n  octakisdimethylmiaophosphonitrilic 
Cyclic tetramer, [PN(MeZN) 214. 
dimethylamino groups with bromine, the preferred reaction was the insoluble 
RBr adduct which could be characterized by i t s  infrared spectrum, Le. a shf 
of t he  PN absorption peak and the appearance of an absorption at  230 an.-& 

However, rather than replacement of the 

@I e 

One other possible roiite t o  ',NepNcl]= t h a t  w a s  investigated 
was  a method similar t o  the three-step process described i n  section (b) above. 
This involved the non-geminal t e t r a subs t i t u  of [PNCl& With N-methylanilfae. 
Work reported by John, Moeller and Audrieth indicated t h a t  high yields of 
non-geminal te t rasubst i tuted arylaaxhophosphonitrilic cycl ic  tetramers c m  be 
obtained because aryl amines have enough s t e r i c  hinderance t o  prevent mcre than 
one a r y l  amine per phosphorus. 
[PNCl NMef?j4. 
then the ani l ino  group replaced with amine  t o  yield [PNMe NHg]4. 
step i n  this sequence was attempted twice. 
w a s  not  a te t ra -an i l ino  compound, and the  product from the second attempt was  a 
mixture t h a t  proved hard t o  separate o r  identify. 

Thus it should be possible t o  ge t  high yields of 
Presumably this could then be coupled wfth G r t p a r d  Reageat and 

The product from the  first attempt 
The first 



2. Preparation by Reaction of CH3FC14 arid NH&l 

The preparation of' a variety of (RPNClj, and (R2 N) compounds 
by the following reactions have been extensively reported. L e n )  

1. xR,ZPcl3 + xlYH4Cl + [R2PNlX + 4xRC7 
2. xHlpCl4 + xiVH4Cl + [RPNC1IX + lCXllCl 

(Where R i s  chlorine, bromine, and phenyl) 

Previous work i n  these laboratories led t o  ).he development of a method tha t  
gives high yields of [fdPNCl]s and [dPNC1]4. 4 

have been able t o  synthesize [MePNC1]3,4 frw CH3PC14 and NH4C1. 
important condition for obtainiag a high yield of cyclics from t h i s  reaction 
i s  avoiding too high a temporature. 
f reshly prepared and of very f ine  pa r t i c l e  s ize  we have been able t o  
carry out the  reaction i n  the temperature .range of 90' t o  125.. 
has been carried out i n  both hexachlorobutsdiene wad chlorobenzene. 

Using these techniques we 
One 

By using ammonium chloride that i s  

The reaction 

The preparation of methylphosphorus te t rachlor ide from methyl- 
phosphorus dichloride was accomplished by using a stoichiometric amount of 
ch lor i  e. An excess of chlorine can r e su l t  i n  chlorination of the  methyl 
group. b 9  ; 

The reaction was i n i t i a l l y  coi;ducted between MeFC12, B r 2  and 
NH4Br due t o  our belief t h a t  MePC14 w x l d  decompose below the reaction 
temperature. This reaction was wm.xcessful, no product was isolated.  

With MePC14 and a six-fold excess of NH4C1 i n  hexachlorobutadiene 
only 30% of the expected H C 1  was  obtained. 
product w a s  isolated from th is  reaction after d i s t i l l i n g  off the hexa- 
chlorobutadiene. It w a s  l a t e r  discovered t h a t  [MePNCP!3 and [MePNC1]4 
are v o l a t i l e  enough t o  d i s t i l l  with hexachlorobutadiene, but t h i s  was not 
realized u ra t i l t he  used solvent had been discarded. 

A very s m a l l  amount of so l id  

The reaction was repeated and approximately a theore t ica l  y ie ld  
of HC1 was obtained. 
containin$ phosphonitrilic trimer and tetramer Were recovered from the 
d i s t i l l a t e ,  
i n  the f lask .  
i n  the isolat ion of three d i s t i n c t  phosphonitri l ic conpouads. 
melting at 175-181. was isolated (see Figure 17 f o r  infrared spectra).  
Molecular w e i g h t  by vapor pressure osmcmetry in chlorofora was 362 (theory 
for  tetramer i s  382). T]le proton n.m.r. spectrum, with the phosplaorus 
decoupled, showed a s ingle  peak which indicated t h a t  the  compound Melting; 
a t  175-181. has four methyl groups i n  an i d e n t i c a l  environment. 
imply the isomer i s  e i the r  c i s ,  p-trans or  y-trans.  

Upon d i s t i l l a t i om of t he  react ioa solution methyl- 

the  d i s t i l l a t i o n  column and head, and the residue which remained 
Recrystall ization of these products from heptane resul ted 

A tetramer 

This would 
- 
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Me Me 

Me 

c1 C1 Me Me c1  Me 

c i s  - @-trans y-trsns 

A secoad compound obtained, mop. 80-92', ha3 an infrared spectrum (see 
Figure 18 ) t ha t  a l s o  was consistent wfth t h a t  of a tetramer, but no 
molecular weight data nor n.m, r. spectra were obtained for the sample 
because it appeared t o  degrade duriag attempts t o  purify it. 

A th i rd  compound, m.p. 163-163. $", had an infrared spectrum 
(Figure 19 'The molecular weight was 
307 (cerlcl'd f o r  trimer 286). The phosphopus deeouplad proton n.r. r. 
spectrum fo r  t h i s  trimer showed a single peak whfch indicated t h a t  it has 
the - c i s  configuration. 'Rae elemeatal analysis showed the following: 

character is t ic  of a cyclic trimer. 

Foumd C, 13.7; ET, 3.6; N, 13.5; C1,  31.4; P, 26.7 
(Calc'd) fop [CHaPNCl] C ,  12.6; H, 3 e 1 5  N, llC.7; C1, 37.2; P, 32.5 

The evidellice stroagly suggests t h a t  some oxygen has replaced the elnloriae. 
This conclusion could also be reached from changes i n  the infrared spectra 
where the  appearaace of bands at  2600 cm."l and 970 ern,-' indicate the 
formation of POH and POP bonds respectively. "he n.me P. spectra also show 
t h i s  degredation by the developtent of very cmglex peaks f o r  the methyl 
protons. 
groups. 

This *plies a larger  number of environments f o r  these methyl 

Although work with methyl phosplaonitriles had established that 
they are unstable and can change oa contact w2th aSr or solvents of reagent 
grade Furity, we could not be certain t h a t  t h i s  was  the primary reason f o r  
the r e l a t ive ly  low yields,  ( l e s s  than 20$) that  we observed f o r  thfs prepara- 
tion. 
h a l y s i s  of the material, t ha t  had been presumed t o  be pure, showed.. 

One possible source of trouble i s  the s t a r t i ng  ~at@rM!. MePClz. 

Found 
Calc'd fo r  C&pC12 

C, 10.5; H, 2.7; P, 24.4; C1, 53.4 
C, 10.3; E, 2.6; P, 26.5; C1, 60.6 

Apparently the s ta r t ing  material contains a re la t ive ly  large amount 
of hydrolyzed material, which could have been a contributing cause t o  low 
yie ld  by t h i s  procedure. 



3, Reactions of Methylplaosphonitrilic Cyclics 

(a)  Oxidation of [C&PNCl]. 

The observed degradation of methylphosphonitrilic chloride cycl ics  
w a s  accompanied by the replacement of chlorine by oxygen. 
be readi ly  explained as hydrolysis, there was no proof t h a t  the introduction of 
oxygen did no t  occur by some other mechanism. 
the hydrolytic and oxidative s t a b i l i t y  were coaducted. 
of these studies was purif ied after sealing i n  a vacuum system by carrying 
out s ix  consecutive sublimations. 
had the following analysis: 

Although t h i s  could 

For t h i s  reason s tudies  of both 
The material  f o r  both 

The material obtained fram t h i s  purif icat ion 

Found 
Calc'd for  (MePNCl)n 

C, 12.8; H, 3.2; N, 14.6; C 1 ,  37.2; P, 32.5 
C, 12.6; H, 3.1; N, 14.7; C1,  37.2; P, 32.5 

The infrared spectrum (Figure 20 ) indicates  the material is primarily cycl ic  
triaer and a proton n. m. r. spectrum (with phosphorus decoupling) indicated 
t h a t  both trimer isomers are  present i n  approximately equal mounts. 

The material  w a s  exposed t o  a stream of dry oxygen f o r  twenty- 
four hours. After t h i s  period the elemental andys i s ,  infrared and n.m.r. spectra  
were essent ia l ly  unchanged. Apparently the degradation does a o t  involve oxygen. 

(b) Hydrolysis of rC&PNC11;I 

The previously described sublimations a l so  led t o  a material 
t h a t  had the  following analysis: 

Found 
Calc'd f o r  (MePNCl), 

c, 12.7; H, 3. N, 14.5; C 1 ,  37.1; P, 32.2 
c, 12.6; H, 3.1; N, 14.7; c1, 37.2; P, 32.5 

The infrared sp@ctra(FFgure 21) and the proton 12. m. r. spectra  with phosphorus 
decoupling indicated that  t h i s  ,uaterial was a mixture of both isomers of cycl ic  
trimer and about 7546 - cis-trichlorotrimethylcyclotriphosphoaitrile. 
passed over this material caused a chanae i n  composition as indicated by the 
following figures: 

Wet nitrogen 

Before hydrolysis: 
After hydrolysis: 

$C, 12.7, $H, sl; $N, 14.5; @1, 37.1 
$C, 10.5; $H, 3.p; $N, 12.1; @l, 31.0 

The rad ica l  change may be seen by cmpariag the  infrared spectra  of the  mater ia l  
before (PigurO 21 ' and a f t e r  (Figure 22 t h i s  exposure. 

( c )  Preparation of Derivatives of LCH.#NCl Jn 

The extreme i n s t a b i l i t y  of (MePNC1) cyc l ics  makes it desirable 
t o  obtain a polymerizable species with as few manipulations as possible. 
fore, we attempted t o  convert the reaction product of NA4C1 and MePC14 i n t o  
i t s  d n e  derivatives without i so l a t ing  the intermediate phosphonitri l ic 
chlorides. This procedure was not successful, which Implies that the amino 
cmpomds, (MePN NR;!)., are as unstable a6 the chlorides, (MePNCl),. 

There- 
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A s i m i l a r  preparation of the dimethylmino derivatives, however, 
gave an acceptable yield of mixed cyclics of the t ype  (MePN me2),  these c---l'fcs 
seem +,9 be much more s table  than ei ther  t h c  ama~~es  or chlorides. 
and 24 "how infrared spectra of a mixture of dimethylaminmethylphosphonitruic 
cyclfcs before and after exposure t o  a stream of air saturated with water. 
Unlike the (MePNCl), compounds, there seems t o  be re la t ive ly  l i t t l e  hydrolysis. 

Figures 23 

(d)  Derivatives of (MepPN)n 

It was believed tha t  functionali ty i n  such compounds as 
[(C&)zPN)3 or  [(CH3)2PN14 may be created by sui table  reactions of the 
methyl groups. One such reaction, with bromine, has been carried out. 

I n  carbon tetrachloride, a t  room temperature, [ (CHs)gPN]a 
(m.p. 187-9") was t reated with four equivalents of bromine. 
a solid formed. 
m.p. 235-6O. An infrared spectrum of t h i s  product i s  shown i n  Figure 25 The 
strong absorption band a t  1180 cm."l for [(C&)=PN]3 i s  absent, rather, there 
i s  an absorption band at  1240 cm.'L 
follows: 

After several hours 
This so l id  was f i l t e r ed  and recrystal l ized from chloroform, 

Elemeatal analysis of t h i s  product is  as 

Found: 
For C&+N3Br: 

C, 23.13; H, 6.47; N, 13.48; P, 26.92; Br, 24.90 
C, 23.70; H, 5.64; N, 13.80; P, 30.50; Br, 26.25 

Molecular weights by VPO i n  chloroform was 352, 359 and 339. 
s t i t u t ed  trimer, P3N3(C&)5(CHzBr) the molecular weight i s  304. Although the 
analysis i s  not exceptionally good for  phosphorus or  bromine, it does suggest 
t h a t  a monosubstituted product has been prepared. 

For a monosub- 

Since fur ther  bromination of the trimer may have been hindered 

Using four moles of 
by i t s  lack of so lubi l i ty  i n  CC14, we have repeated the reaction i n  f reshly 
d i s t i l l e d  g l a c i a l  ace t ic  acid under a helium atmosphere. 
B r 2  per mole of [(C&)2PN]3 no reaction was observed a t  room temperature 
(disappearance of branire color). Also, i n  the presence of W from a low 
pressure lamp (25371, 15 watts) no reaction was  observed. 
temperature was raised t o  about 80°C the broJaine color rapidly disappeared. 
The solution then was evaporated t o  dryness at  reduced pressure. 
residue remained which could not be worked up t o  yield a singular product. 

However, when the 

A waxy 
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111. Experimental 

A. Phenyl Phosphonitriles 

1. Reaction of ~ - t r a n s - [ g h ~ ) ~  with one Equivalent of Din9stlryla;laine 

To 63 g. (0.1 mole) of [JdPN@l]*, m, p. 260-33, i n  1 1, of benzene 
was added 0.15 mole of dime.t;hylanine i n  500 ml. of benzene. The reaction was 
carried out a t  room temperature. 
0.07 mole of dimethylmiae hydrochloride was recovered. The volume of the f i l -  
t r a t e  was  reduced t o  approximately 500 ml. Twenty grams of unreacted [JdPNC1]4, 
m.p. 24O-258', thus was recovered, 
hexane t o  the chloroform solution gave, i n  several increments, 24 g. of a so l id  
melting a t  102-'j0. 

After 24 hours the solution w a s  f i l tered and 

Further volume reduction and addition of 

Upon recrystal l izat ion from hexane t h i s  so l id  melted a t  
103-7". 

Frau the f i l t r a t e  were a lso  crystal l ized several f ract ions with 
melting ranges from 180 t o  22Q" and several o i l s .  

One gram of' the f ract ion melting a t  103-7" was treated with a 
F r m  th i s  reaction 4.65 m o l e s  Of large excess of dimethylmine in benzene. 

dimethylarnine hydrochloride was recovered. A crys ta l l ine  solid,  m. p. 170-6", 
w a s  recovered from the f i l t r a t e  by evaporation. This so l id  recrystal l ized t o  
m e l t  a t  175-8". There 
was no depression of the melting poitat when the two samples were mixed. 

The melting poiaat of B - ~ ~ ~ ~ S - [ # P N N ( C G ) ~ ] +  i s  176-8". 

2. Polymerization Reactions 

a. Deamination of ~ S - [ # P N ( " H ~ ) ] ~ .  

(1) In  the Melt 

Ten grams (18.10 m o l e s )  of @-trans-[#PN(NHZ)]* was 
heated t o  26O0C i n  a nitrogen atmosphere. 
water and titrated -'slth 0.1 N "21. M t e r  two hours 31.2 m o l e s  of "3 had 
evolved (86 percent of available "3). 
chloroform. 
chloroform. 
chloroform solution. 
vapor pressure osmametry (see Table1 , Run No. 3 ), Run No. 4 was carr ied 
out i n  the same manner as No. 3 

The evolved gas was collected i n  

The product was then washed with 
Only 5.5 grams or 55 percent of the polymer dissolved i n  the 
Several polymer fract ions Were collected by adding pentane t o  the 

Molecular weights were determined f o r  each fract ion by 

I n  another experiment, three gram of tetrakisamide 
was heated t o  260°C u n t i l  50 percent of the available ammonia evolved. The 
reaction then w a s  stopped and an additional gram of tetrakisamide was added 
t o  the already p a r t i a l l y  polymerized tetramer. The mixture was again heated 
t o  260°C and again the reaction w a s  stopped when 50 percent of the available 
"a had evolved. Once more an additional gram of tetrakisamide was added; 
however, the mixture w a s  &ow heated a t  260" u n t i l  no more ammonia evolved. 
A t o t a l  of 12.67 moles  of NHs was t i t r a t e d  o r  70 percent of the available 
ammonia. 
t o  precipi ta te  polymer fractions. 
recorded i n  Table 1 , Run No. 1 . 

The POlylner wa8 completely soluble in chloroform. Pentane was used 
Molecular weights of these fract ions are 



In a r e s i n  ke t t l e  40 ge of J-trans-[f$P"R~]4 
(0.0726 mole) was heated t o  260'C. 
i n to  water and t i t r a t e d  with acid. 
evolved. 

Ammonia, evolved frcmn the m e l t ,  was  passed 
After two hours, 0.109 mole of NH3 had 

The f lask  was quenched i n  ice  water t o  stop the reaction. 

The so l id  was  taken up i n  chloroform and fract ional ly  
The f irst  fractiom, 17 g., had a molecular weight precipitated with n-hexane. 

of 15,400. This f ract ion was reprecipitated from CHC13-hexane. The first 
fraction, 5.0 g.,  had a number average molecular weight of 20.000. 
f ract ion of approximately 3 grams had a molecular weight of l1,OOO. 

A second 

(2) ~n Solution 

Five grams (9.05 moles )  of -trans-[ !%F"(NHa)], i n  50 
m l .  of di(n-octyl) e ther  (B.P. 291.) was heated t o  2 * C f o r  three hours. 
During t h i s  time 10.85 moles  of NH3 was evolved. Upon cooling, a sol id  
separated from the solution. 
and reprecipitated with n-pentane. 
of t h i s  sol id  are shown i n  Table I- , Run No. 2 . 

This solid was taken up cmpletely i n  chloroform 
The molecular weight and elemental analysis 

b. D e d n a t i o n  of fl-trans-[dPN(NHC&) 1% 

Four grams (6.57 moles )  of @-trans-[f6PN(NHC&)]4, m. p. 
131-2', was  heated i n  a nitrogen atmosphere t o  q C .  
t o  evolve at about 260.. 
collected i n  the cooler par t  of the flask. 
moles of methylamine had evolved. 
ir chloroform 
presently i s  being characterized further. 

Methylamine began 
During the course of the reaction some sol id  

After 24 hours at 280-290°C, 8.84 
The glassy residue was carnpletely soluble 

The molecular weight, determined by VPO, was 1800. The product 

3.  Beazene Elimination Studies 

In a reaction tube 1.967 g. of deammoniated j3-trans- 
[d NNH214 (sample No. 2956-46-2P45) was heated t o  3OO'C. i n  a stream of helium. 
A t  this temperature some MI3 and chloroform were collected i n  a l iquid nitrogen 
trap. 
rapidly raised t o  395°C. 
t i on  was observed. 
evo1verJ frcm the sample were collected i n  l iquid N 2  and periodically trans- 
ferred t o  a volumetric bulb, weighed and examined by infrared spectroscopy. 
I n  all  cases only ammonia and benzene were observed. 
tinued u n t i l  no fur ther  evolutioa of gas from the saaple was observed. 

After no more ammonia or chloroform was collected the tempertitwe was 
Between 300 and 395'C. a s d l  mount of gas evolu- 

The temperature was then maintained at  395'C. Gases 

Heating a t  395°C. was con- 

A sh i la r  run, using 1.615 g. of sample, w a s  carried 
out a t  475 OC . 

4. Model Compounds, rd, PsN.11 sNH 

A mixture of 0.9 moles  of &P3N3NHa and 0.9 m o l e s  
of dsP3NsC1, i n  50 ml. of dry pyridine, was refluxed f o r  24 hrs. 
W&s evaporated t o  dryness under reduced pressure and the residue taken up i n  
benzene. Pyridine hydrochloride was f i l t e r e d  from the solution. The benzene 

The solution 

- rg - 



solution then was put through a ckmatographic  column containing acidic  
alumina. 
range of 230 t o  236'. 
236' was obtained. 

Upon elut ion with benzene, so l ids  were recovered t h a t  had a melting 
When combined and recrystal l ized a so l id  melting at  

I n  50 ml. of refluxing dry pyridine 3.2 m o l e s  of - cis-fd4P3N3(NEi~3)2 (mop. 189-191') was treated with 3.2 m o l e s  of fi5P3N&1. 
After 24 hours the solution was evaporated t o  dryness and the restdue taken 
up i n  benzene. The product of t h i s  reaction a1sc~ melted at  236". Elemental 
analysis indtcatys t h a t  it I s  [$?&P3N3]2E. 

B. Methyl Phosphonitriles 

1. Reaction of (PNC12Aand CH#@ r 

Method (a) 

To ten grams (21.55 m o l e s )  of [PNC12]+, dissolved i n  
anhydrous diethyl ether,  was slowly added 94.8 m o l e s  of CWgl3r i n  e ther  
(obtained from Arapahoe as a 3 Molar solution).  The reaction was carr ied 
out i n  a helium atmosphere. The solution turned opaque but a prec ip i ta te  
did not form during six hours of refluxing. The solution was then poured 
over i ce  and extracted with 1 l i te r  of benzene. The benzene solution was 
dried Over C&12 and evaporated t o  dryness. The so l id  residue was taken up 
i n  hexane, from which 6.5 g. of [ P N C 1 2 I 4  w a s  recovered. 

Method (b) 

Octachlorophosphonitrilic tetramer (11.6 8;. , 0.025 mole) 
was dissolved i n  200 m l .  of "HI? and methylmagnesium brwnide i n  e thyl  e ther  
(71.5 m l .  , 0.1 mole) was  added slowly during a half-hour period. 
exothermic reaction started immediately and after the  addition was cmple t e  
the  reaction mixture gave a negative Gilman Test for  ac t ive  organmeta l l ic  
cmpounds. 
of toluene was added. 
washed with toluene. 
solvent and the remaining product was  a viscous o i l .  
could be obtained from th is  o i l  upon fur ther  work-up. Subsequent qua l i ta t ive  
t e s t s  of t h i s  mater ia l  f o r  magnesium established that t h i s  element is present. 
Figure 26 shows the infrared spectrum of the o i l  a f t e r  attempts t o  i s o l a t e  
a product. 
(Figure27 ) prior  t o  handling. 

The 

The THF and e ther  were removed by d i s t i l l a t i o n  while X)O ml. 
The heavy prec ip i ta te  t h a t  formed was f i l t e r e d  and 

The f i l t r a t e  was concentrated by d i s t i l l a t i o n  of the 
No c rys t a l l i ne  product 

This s p e c t m  can be compared with the spectrum of the same material 
It appears t h a t  degradation has occurred. 

2. Prepsrstian of ( M c ? F ' N C ~ ) ~  v i a  (PNC1 NMez)a 

(a) Reaction of [PNC12]4 with Dimethylamine 

Method (a) 

To 20 g. (43.5 m o l e s )  of [PNc12]4 i n  1 1. of benzene 
was added 0.35 mole of dbethylamine i n  100 ml. of benzene. 
amine had been added the solut ion was f i l t e r e d  t o  remove t h e  amine hydrochloride. 

After all of the 



Upon evaporation of the filtrate an oil remained frm which crystallized a 
solid, which after recrystallization melted at 192-4' (3.546 yield). 

Part of the remaining oil was distilled at l k - l 5 O 0 C ,  
at 1 to 1.5 Torr. 
pentane-hexane, melts at 103-105". 

A solid was recovered which, upon recrystallization from 

Another aliquot of the oil was absorbed on an acidic 
alumina column (Woelm Alumina, acidic, Type 1) using hexane as the solvent. 
Continued elution with hexane has given a solid melting at 103-105' (approx. 
lo$ yield). 
at 99°C. and 222-223O; however, only very q m a l l  mounts of these solids were 
recovered. 

Further elution with dioxane-hexane (1: 20) gave a solids melting 

The reaction of eight equivalents of dimethylamine 
with 50 g. of [PNC1214 was carried out in 1 1. of diethylether at 0 ° C .  
removing the dimethylamine hydrochloride the filtrate was evaporated to dry- 
ness, leaving an oil. This oil presently is being separated. 

After 

Method (b) 

Octachlorocyclophosphonitrilic tetramer [PNCl2]4, ( 25.0 
g., 0.54 mole) was dissolved in 200 ml, of THF and the solution cooled to O-g'C. 
While maintaining this temperature, dimethylamine (19.4 g. , 0.43 mole) was 
slowly distilled into the solution. After sixteen hours the dimethylamime 
hydrochloride was removed by filtration and the filtrate concentrated by evaporat- 
ing the THF. The product was crystallized from n-hexane. A yield of 16.5 g., 
(0.033 mole) of [PNCl(NMe2)]4 was obtained. 
was 130-195O, apparently a mixture of several isomers. 
than 4 g. of the 192-4' isomer, previously reported by Shaw, was obtained. 

[PNC12l4 a d  18 g. (0.40 mole) of MezNH, a yield of 15 g. (0.30 mole) of 
mixed cyclic tetramer [PNC1(NMe2)]4 was obtained. 

The melting range of this product 
From this mixture less 

In a similar reaction, using 23.2 g. (0.05 mole) of 

(b) Preparation of Non-Geminal Tetrachlorote traki s -N-met'nyl- 
anilinocyclotetraphosphonitrile 

Octachlorocyclotetraphosphonitrile, 25 g. (0.054 mole) 

The mixture was kept at reflux (65°C) for 
was dissolved in 500 m l .  of THF and 43.1 g., (0.43 mole of N-methylaniline was 
added during a half-hour period. 
16 hours. Solvent was then removed by distillation and 200 ml. of benzene 
added. The N-methylaniline hydrochloride was filtered and the product, a 
dark oil, was obtained when the benzene was removed by distillation. 
to isOl.ate a pure tetrasubstituted compound from this product were unsuccessful. 

Attempts 

The reaction war repeated with 1 O : l  mole ratio of N-methyl- 
aniline to phosphonitrile. As before, an oil was the only product. The oil has 
an elemental analysis as follows: 
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(c  j Attempted Preparation of :PNBr mep] 4 Reaction of [PN( NMe2) 23 
- 

With HBr 

Three grams (5.6 m o l e s )  of [PN(NMe2)2]4 was dissolved 
i n  50 m l .  of f reshly d i s t i l l e d  glacial acet ic  acid. To t h i s  solution, at  room 
temperature, w a s  added gaseous RBr. 
fi l tered frm the solution. The f i l t ra te  was  evaporated t o  dryness leaving no 
residue. 

A heavy prec ip i ta te  formed which was 

The ace t ic  acid residue was examined by infrared and 
n.m.r. spectroscopy. 
acidic  solution, which upon neutral izat ion with base gave a prec ip i ta te  of 
[m(me2)2]4* 

A sample of the so l id  when put i n t o  water resulted i n  an 

Met'LlyhagnC6ium Bromide Addition t o  [PNCl(NMep) 14 

Method (a) 

The Grignard Reagent was prepared by slowly passing 
methyl brmide i n t o  a f l a sk  containing 2.4 g. (0.1 mole) of magnesium and 
50 ml. of ethyl  ether. After the disappearance of the magnesium, 8.4 g. (0.68 
mole) of tetrachlorotetrdcisdimethylamine phosphonitri l ic tetramer (m. p. 192-4') 
i n  50 m l .  of tetrahydrofiran w a s  slowly added. There was no sign of reaction. 
The reaction mixture was heated t o  approximately 55' and stirred overnight. 
There was s t i l l  no evidence of reaction. One hundred ml. of toluene was added 
and the e thyl  e ther  and tetrahydrofuran were removed by d i s t i l l a t i o n  as the 
reaction mixture was heated t o  110'. After refluxing f o r  twenty hours at  t h i s  
temperature the reaction mixture gave a negative Gilman T e s t  f o r  Grignard 
Reagent. The mixture was cooled and a prec ip i ta te  was removed by f i l t r a t i o n .  
This so l id  d i d  not show a typica l  PN infrared absorption peak and w a s  soluble 
i n  d i lu t e  HC1. The f i l t r a t e  was concentrated and an o i l  and two crys ta l l ine  
products were obtained 

Method (b)  

Tetrachlorotetrakisdimethylmido-phosphonitrilic cycl ic  
tetramer, [PNC1(NMe2)I4 (8.74 g., 0.0175 mole) was dissolved i n  200 m l .  of THF 
and 0.07 mole of methylmagnesium bromide, and 25 m l .  of d ie thyl  e ther  was 
added Slowly. The reaction mixture w a s  heated t o  reflux and held there  f o r  two 
hours. 
(Michler's Ketone) f o r  organometallic reagent. Toluene, 100 ml. was added 
and the THF was then removed by d i s t i l l a t i o n .  
mixture W a s  f i l t e r ed  and the prec ip i ta te  washed with toluene. The f i l t r a t e  
was evaporated and a crys ta l l ine  product precipitated.  This material had a 
wide melting range. 
pentme were t r i ed  without success. 
d i s t i l l a t i o n  led t o  deamination of the  product and the  formation of a polymeric 
material. 

A f t e r  t h i s  t i m e  the reaction mixture gave a negative Gilman Test 

The so l id  product from t h i s  

Recrystall izations from Ccl4, cyclohexane, benzene, and 
~n attempt t o  i s o l a t e  cycl ic  material by 
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3. Preparation of Bromophosphonitriles 

(a) Reaction of [PNClp]4 With PBr3 and PBr7 

Five grams (0.0112 mole) of [PNC~Z]~  was heated i n  73 g. 
No material boiling below 173" was observed during a (0.27 mole) of PBr3. 

heating period of four hours. 
(0.047 mole) of bramine was added. 
point of PBr5 fsub, 105") was observed on heating fo r  two hours. 

The reaction mixture was cooled and 7.5 g. 
No material boiling below the sublimation 

,b) 

acetyl  bromide was heated a t  77'C. for  four hours. 
t ha t  of acetyl brmide w a s  formed. 
the reaction mixture but upon reheating f o r  a period of four hours, no evidence 
fo r  the formation of acetyl  chloride was observed. 

Reaction of [PIJT:lp]4 With Acetylbromide 

A solution of 2.3 g. (0.005 mole) of [PNC12]4 i n  50 m l .  of 
No material boil ing below 

A ca ta ly t ic  mount of AlBr3 was  added t o  

(c )  Reaction of [PNC12]4 with AlBr2/Brz 

To 2.3 g. (5 moles)  of [ P r J c l ~ ] ~  i n  50 ml. of carbon t e t r a -  

No reaction was apparent. 
chloride were added 3.2 g. (20 moles )  of bromine and 0.1 g. of AlBr3. The 
solution was  kept a t  ref lux ( 7 6 " ~ )  for sixteen hours. 
An additional quantity of AlBr3, 3.1 g. (11.65 moles )  , w a s  added and the 
reaction mixture reheated t o  76'C. 
gas when collected i n  water gave a positive test  with s i lve r  ni t ra te .  
evolution of' gas became negligible a f te r  twenty four hours. 

A steady evolution of a gas ensued. The 
The 

The AlBr3  w a s  removed by addition of triethylamine and 
f i l t r a t i o n  of the addition ccanpound that  formed. 
observed. 
amine. 
[PNC1214. 
li zation. 

No  excess bromine w a s  
The f i l t ra te  was  concentrated by evaporation the solvent and excess 

This sol id ,  however, was lost i n  attempting t o  purify it by recrystal-  
The residue, a dark gummy solid had an infrared spectrum similar t o  

Octachlorocyclotetraphosphonitrile, 23.2 g. (0.05 mole) was 
added t o  a solution containing 160 g. (0.60 mole) of A l B r 3  and 32 g. (0.20 mole) 
of B r 2  i n  500 ml .  of C C l 4 .  
of a brown colored gas tha t  boiled below room temperature was observed. Pre- 
sumably t h i s  was bromine monochloride (bp 5°C)  but no attempt was  m a d e  t o  fur ther  
characterize t h i s  gas. 
unreacted bromine and solvent were removed by d is t i l l a t ion .  Isolat ion of product 
from the  dark vis- resudue was not attempted after it became evident t ha t  there 
was l i t t l e  need f o r  t h i s  compound. 

The reaction was  exothermic and the slow evolution 

The reaction mixture was heated f o r  la hours then the 
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4. Direct Preparation of Methylchlorophosphonitrilic Cyclics fram Methyl- 
phosphorus Tetrachloride and Ammonium Chloride 

a. Reaction of MePC12, Brp and NH4Br 

Methylphosphorus dichloride, (117 g. , 1.00 mole) was  ccanbined 
with bromine (233 g., 1.46 moles) and freshly prepared ammonium bromide 
(196. u g. , 2.0 moles) i n  hexachlorobutadiene. The reaction mixture was 
slowly heated t o  120.. 
bromine (296 g o ,  1.85 moles) was added and the mixture again heated. 
Evolution of HX s t a r t ed  a t  80'. 
eight  hours, 9 6  of the  theore t ica l  amount of Kx had been evolved. 
f i n a l  temperature was approximately 1 b . C  and after an additional two 
days no appreciable amount of HX evolved. The reaction products were 
recovered a f t e r  removal of the solvent, but appeared t o  be pr imari ly  
short  chain l inear  compounds with r e l a t ive ly  high halogen coubent. 
fur ther  characterization was attempted. 

Because the bromine color disappeared, additional 

A f t e r  heating and s t i r r i n g  f o r  forty- 
The 

No 

b. Preparation of MeFClq 

The preparation of CH3PC14 was accomplished by allowing 14.2 g. 
(0. X, mole) of l iqu id  chlorine t o  d i s t i l l  i n t o  a carbon te t rachlor ide 
solution containing 23.4 g. (0.20 mole) of CH3FC12. Exact S to ich imet ry  
was used because of the  d i s t i n c t  poss ib i l i t y  t h a t  excess chlorine would 
at tack the methyl groups. The so l id  t h a t  precipi ta ted analyzed w e l l  f o r  
four equivalents of chlorine (gravimetric) o r  five equivalents of acid 
when hydrolyzed and t i trated with base of pH of 7 ( i .  e., a l so  one P-OH 
titrated). The proton n.m.r. spectrum showed a s ingle  t r i p l e t  consistent 
with the assigned s t ructure ,  CH#C14. 
hydrolyzed and must be handled i n  an dnert atmosphere. 

This material i s  very eas i ly  

c. Reaction of MeFC14 and NH4Cl 

A reaction was carried out with both reagents f resh ly  prepared. 
Tetrachlormethylphosphorane (0.10 mole), was added t o  0.78 mole of f resh ly  
prepared NH&1 i n  200 ml. of hexachlorobutadiene i n  an i n e r t  atmosphere. 
t i on  of H C 1  began at 90°C and continued slowly during the  next forty-eight hours. 
Approximately 26$, 0.11 mole, of H C 1  was  evolved during t h i s  period. 
necessary t o  raise the temperature i n  order t o  maintain HC1 evolution; however, 
even at  l5O.C very l i t t l e  fur ther  evolution of HC1 took place. Upon addition 
of more freshly prepared NH4Cl (0.26 mole) an addi t ional  0.02 mole of H C 1  
evolved during the next seven days, while the  temperature w a s  ra ised t o  175'. 

Evolu- 

It w a s  

After f i l t e r i n g  the solut ion t o  remove unreacted NH&l ,  the  
Surprisingly, there  was  very l i t t l e  residue l e f t  after f i l t r a t e  w a s  d i s t i l l ed .  

d i s t i l l a t i on .  An infrared spectrum of the distillate, however, indicated t h a t  
some product may have come over with the hexachlorobutadiene. 

Recrystal l izat ion of the  material recovered from the sides 
of the s t i l l  gave the f irst  de f in i t e  indicat ion t h a t  methylphosphonitrilic 
cycl ics  had been prepared. Three d i f fe ren t  species were i so la ted  fram t h i s  
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small amount of material: 

1. m.p. 175-181', infrared spectrum indicated a phospho- 

The proton n.m. r. spectrum, with the phosphorus decoupled, 
nitrilic halide with methyl groups. 
osmometry was 363. 
showed a single methyl peak. 
geminal tetrachloro-tetramethyl cyclic tetramer. 

Amolecular weight by vapor pressure 

The compound was tentatively identified as a non- 

2. m.p. 80-92O, the infrared spectrum was consistent with 
Degradation occurred during that of a methyl phosphonitrilic cyclic tetramer. 

subsequent recrystallizations. 

3. m.p. 163-163.5", the infrared spectrum is consistent 
with methylphosphonitrilic cyclic trimer, molecular weight 307. N.m.r. spectrum 
had a single methyl peak. - cis ismer of trichlorotrimethylphosphonitrilic cyclic trimer, [MePNC1]3. 

This was therefore assumed to be the non-geminal 

Methylphosphorus dichloride, 11.7 g. (0.10 mole) was 
dissolved in 200 ml. of carbon tetrachloride and chlorine, 7.1 g. (0.10 mole) 
was slowly passed through the solution. A copious precipitate of tetrachloro- 
methylphosphorane formed. The solvent was changed by distilling the CC14 and 
adding chlorobenzene. 
CHC13 was treated with 14.6 g. of hydrochloric acid gas (0.40 mole) and 
ammonium chloride formed as a finely divided precipitate. 
changed to chlorobenzene. The two chlorobenzene slurries were cmbined and 
then the reaction mixture was heated. 
the temperature was slowly increased up to the reflux temperature of the solvent, 
132OC. 
retical amount) was evolved. 

A solution of ammonia 6.8 g. (0.40 mole) in 500 ml. 

The solvent was 

At 90°C the evolution of HC1 began and 

During a forty-eight hour period 0.38 moles of HC1 (9% of the theo- 

The excess NH4C1was removed by filtration, the chloro- 
benzene was removed by distillation. 
frm benzene, pentane and cyclohexane. The yield of crude product, 2.1 g. 
represented less than a 25% yield, and obviously some of this material was a 
hydrolyzed species. Portions of this crude product were recrystallized from 
pentane and sublimed less than 0.5 g. of material with a satisfactory infrared 
spectrum was isolated by these techniques. 

The reaction product was recrystallized 

5. Reactions of Methylphosphonitriles 

a. Preparation of Derivatives of [MePNC1)II 

(I) Preparation of [M~PN"R~)], 
Methylphosphorus dichloride, 11.7 g. (0.10 mole) was 

dissolved in 200 ml. of CC1+ and then chlorine, 7.1 g. (0.10 mole) was 
slowly bubbled through the solution. The precipitate, MePCl4 was filtered 
then placed in 500 ml of chlorobenzene. Ammonia, 7 g. (0.40 mole) and HC1 
(0.40 mole) were combined in chloroform to give ammonium chloride. 
was filtered then added to the chlorobenzene - MePC14 slurry. 
mixture was heated slowly to l32O and during a forty-eight hour period 32 moles 

This product 
The reaction 
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(80% of theory) of EC1 was evolved. The mixture was  cooled and ammonia w a s  
The slowly passed through until no exothermic raaction could be detected. 

mixture was f i l t e r e d  t o  remove the NEE,&l and NH3 (g) was  again passed through 
f o r  several  minutes. 
f i l t e r e d  and the solvent was d i s t i l l ed .  
benzene then hexane. 
without eliminating the strong i n f r e e d  absorption a t  950 cm.'l. 
hydrolysis f r ee  product was obtained. 

( 2) 

The very small ahount of NH&1 that was formed was 

E x h  successive recrys ta l l iza t ion  caused large losses 
The product was recrystal l ized from 

No pure, 

Preparation of (MeFN(NMe2) Lr]l 
Methylphosphorus tetrachloride,  18.8 g (0.10 mole) , 

prepared i n  carbon te t rachlor ide frm equi-molar quant i t ies  of chlorine and 
MePC12 was f i l t e r e d  and placed i n  chlorobenzene. Ammonium chloride, 21.2 g 
(0.40 mole), prepared from qui-molar quant i t ies  of NH3 and H C 1  w a s  added t o  
the above slurry, and t h i s  reaction mixture was heated t o  l32OC. During a 
nine hour period 0.4 moles of H C 1  was evolved. 
the solvent removed by d i s t i l l a t i o n  and the product dissolved i n  500 m l  of 
benzene. Dimethylamine, > 0.2 mole, w a s  d i s t i l l e d  i n t o  the solution and a 
so l id  presumed t o  be dimethylamine hydrochloride was removed by f i l t r a t i o n .  
The product weighed 2.8 g. f o r  a 27% yield of impure [MePN(MNe2)]3,4. 
s m a l l  portion of t h i s  crude product was  recrystal l ized,  m.p. l25-27'C. 

The excess NH&1 was filtered, 

A 

O 

b. Oxidation of" (MePNC1)3,4 

A spec ia l  apparatus was constructed t o  permit several  consecutive 
sublimations without exposure t o  the atmosphere. A pyrex tube, 25 x 300 mm, was 
sealed at  one end and then heated and s l i g h t l y  elongated a t  50 mm in te rva ls  t o  
form a container consisting of f ive  bulbs i n  series. 
( M ~ P N C ~ ) S , ~  was placed i n  t h i s  tube and then the tube was connected t o  a 
vacuum line.  
and the second bulb was cooled with a copper c o i l  containing c i rcu la t ing  
water. Most of the material slowly sublimed i n t o  the second bulb. The f irst  
bulb was removed with a torch without breaking the vacuum and the  process w a s  
repeated. After four such sublimations the mater ia l  was pure (MePNC1)S. The 
s t a b i l i t y  of t h i s  material t o  dry oxygen was  measured by comparing elemental 
analysis, infrared and n.m.r. spectra  of the  material before and a f t e r  a twenty- 
four hour exposure t o  a stream of oxygen t h a t  had been passed through a container 
of €IS04 then NaOH pel le ts .  

A s m a l l  quantity of 

The end bulb was heated i n  an o i l  bath at  > 100./0.1 Torr 

c. Hydrolysis of (MePNC1)3,4 

Using a similar apparatus f o r  several  consecutive sublimations, 
a material 'was obtained t h a t  analyzed fo r  pure (MePNC1)a. 
cyclic towards water was  assessed by passing a stream of nitrogen through a 
container of water and then over the material. 
analyses, infrared and n.m.r. spectra  showed the  changes t h a t  occur when 
(MePNCl), i s  exposed t o  H&. 

The s t a b i l i t y  of t h i s  

A comparison of the elemental 



d. Reaction of [(CH3)pPN]3- 

In  50 ml. of freshly d i s t i l l e d  carbon tetrachloride,  8.9 
mmolas of bromine w a s  added t o  0.5 g. (2.22 mmoles) of [(CHs)aPN]a (111.p. 187-9"). 
The reaction w a s  carried out i n  a nitrogen atmosphere. During several  hours 
of s t i r r i n g  a t  roam temperature a sol id  formed but the b r d n e  color did not 
disappear. 
filtered. Approximately 0.25 g. of so l id ,  m. p. 2B-23'je, w a s  recovered. 
Upon recrys ta l l iza t ion  from chloroform t h i s  so l id  melted a t  235-6". 
analysis agrees with the  formula P3Ns(C&)5(CH$3r).  

After heating the  mixture f o r  2 hr. the solution was  cooled and 

Elemental 
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